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Materials
Commercially available chemicals and starting materials were used as purchased without further purification unless otherwise noted. All organic solvents used for synthesis were EMD Millipore-grade purified by a PureSolv solvent purification system (Innovative Technology Inc.) unless otherwise stated. Dichloromethane (CH 2 Cl 2 ) and benzene (C 6 H 6 ) for syntheses were dried before use with 4-Å molecular sieves overnight. Tetrahydrofuran (THF) was dried over sodium-benzophenone and distilled under a nitrogen atmosphere prior to use. All glassware used for the reactions was dried overnight at 140 °C in an oven. All reagents used were purchased from Sigma Aldrich except for 4-n-octyloxybiphenyl-4'-carboxylic acid (purchased from Synthon Chemicals GmbH & Co. KG) and for 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI) (purchased from TCI).
Methods
1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra of the synthesized compounds were obtained using a Bruker
Avance 400 MHz spectrometer in CDCl 3 . 1 H NMR spectra are reported in parts per million (δ) relative to residual solvent peaks (7.26 ppm for CDCl 3 and 0.08 ppm for tetramethylsilane, TMS). 13 C NMR spectra are reported in parts per million (δ) relative to residual solvent peaks (77.00 for CDCl 3 ). Polarized optical microscopy (POM) observations were carried out with an Olympus BX-53 polarizing microscope equipped with a Linkam LTS420E heating/cooling stage. Phase-transition temperatures were determined using a PerkinElmer Pyris 1 differential scanning calorimeter (DSC) at a given heating and cooling rate, reporting data from the 2 nd heating and cooling run, respectively. Thin film circular dichroism (CD) spectropolarimetry was performed using an OLIS spectrophotometer with quartz substrates.
The X-ray diffraction (XRD) data were acquired using a Bruker D8 GADDS system (CuKα line, Goebel mirror, point beam collimator, Vantec2000 area detector). Samples were prepared as droplets on a heated surface controlled by Linkam-THMS-600. SAXD experiments were also carried out on beamline 7.3.3 of the Advanced Light Source of Lawrence Berkeley National Laboratory 1 (10 keV incident beam energy, 1.24 Å wavelength, utilizing a Pilatus 2 M detector). The materials were filled into 1 mm diameter quartz X-ray capillary tubes, which were then mounted into a custom-built aluminum cassette that allowed X-ray detection with ± 13.5° angular range. The cassette fits into a standard hot stage (Instec) that allowed temperature control with ± 0.1 °C precision. Analysis was done using Igor
Pro software with Nika package. 2 Scanning electron microscopy (SEM) analysis was performed using a Quanta 450 FEG SEM and Nova NanoLab 200 FEG-SEM. Transmission electron microscopy (TEM) analysis was performed using JEM-1400Plus; JEOL; Peabody, MA, USA) at 90 kV. Images were taken with a 100 kV side mount camera S3 (Orius; GATAN; Pleasanton, CA, USA). For both electron microscopy sample preparations, the materials were dissolved in chloroform. A drop of the solution was placed on either indium tin oxide substrates for SEM or grids for TEM. After evaporation of the solvent in vacuum, the sample was heated and cooled as described for the POM experiments. Atomic force microscopy (AFM) was accomplished by a Bruker Dimension Icon microscope working in tapping mode. Cantilevers with a spring constant k ~ 0.4 N/m were used with the working resonant frequency ~70-80 kHz. Robertson Microlit Laboratories (NJ) did elemental (CHN) analysis.
Synthesis Scheme S1. Synthetic route pursed to obtain compounds p-(R)-4 and p-(S)-4.
The synthesis of p-(R)-4 and p-(S)-4
was accomplished following the synthetic route outlined in Scheme S1. The synthesis of various intermediates has been reported previously.
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4'-[4-(2-(R)-heptan-2-yloxy)biphenyloxy]-3-tetrahydropyranyloxybiphenyl
This compound was synthesized under an inert gas atmosphere conditions, where 4'-hydroxy-3-tetrahydro- 
4'-[4-(2-(S)-heptan-2-yloxy)biphenyloxy]-3-tetrahydropyranyloxybiphenyl
The enantiomer was synthesized in the same way. 
4'-[4-(2-(R)-heptan-2-yloxy)biphenyloxy]-3-hydroxybiphenyl
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In a round-bottom flask 4'-[4-(2-(R)-heptan-2-yloxy)biphenyloxy]-3-tetrahydropyranyloxybiphenyl (105 mg, 0.184 mmol) was dissolved in CH 2 Cl 2 (13 mL) followed by addition of HCl (36%, 162 μL). 
4'-[4-(2-(S)-heptan-2-yloxy)biphenyloxy]-3-hydroxybiphenyl
The enantiomer was synthesized in the same way as 3. 
4'-[4-(2-(R)-heptan-2-yloxy)biphenyloxy]-3-[4-(4'-[4'-Octyloxy]biphenyl)]biphenyl, p-(R)-4
In a N 2 -purged flask, 4'-[4-(2-(R)-heptan- 
4'-[4-(2-(S)-heptan-2-yloxy)biphenyloxy]-3-[4-(4'-[4'-Octyloxy]biphenyl)]biphenyl, p-(S)-4
The 
Additional Polarized optical microscopy images
When the B4 phase (HLNC morphology) is confined between two pre-cleaned untreated glass substrates additional self-assembly features become apparent also by POM. The nanocylinders form in a tangential fashion upon slow cooling at a rate of 5 °C min −1 . POM images show this assembly, which can be further visualized by viewing the sample using a quarter wave retarder indicating the different brightness of brushes with respect to changing the director of the nanocylinder assemblies.
Figure S13. POM images of p-(R)-4 upon slow cooling:
a image is taken under crossed polarizer / analyser, b the same condition as in image a after inserting a quarter wave retarder that indicates the tangential assembly as in the AFM images shown in Figure S23 . S14 The material was sandwiched between two clean, untreated glass substrates (gap: 50 μm). Table S2 : Indexing and measured scattering vectors q for XRD data from Fig. 3 and Fig. S18 . image. In this particular case, the sample was rapidly cooled but not covered by glass (free surface -contact to air).
Additional polarized light optical microscopy images for p-(R)-4 on heating and cooling at a rate of 5 °C min
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POM images for material p-(S)-4 on heating and cooling by rate 5 °C min
As for the B7 filaments, the free surface appears to favor the formation of the coaxial HLNC structures. The textures observed by POM between crossed polarizers (indicated by the white arrows) in each of these two regions are shown in e.
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Computational methods
All the atomistic calculations were performed using the GROMACS 4. All molecules selected for these studies were built using the AVOGADRO 1.0.0 program. The OpenBabel code was used to extract coordinate files including the connectivity information. The Antechamber software from AmberTools 1.4 was used to generate GAFF topologies, with the point charges derived through the AMI-BCC method. The GAFF topologies and coordinate files were converted into the GROMACS format using the acpype_py script. 11 Single molecule stochastic dynamics (SD) atomistic simulations were performed for each mesogen in the gas phase, at 300 K and for a total of 500 ns. The geometry of each mesogen was optimized in vacuum using DFT methods and the B3LYP hybrid atfunctional, combined with the 6-311G(d,p) basis set. An indication of the molecular dimensions, and hence overall shape, can be obtained from the average moment of inertia tensor, where , and are the averaged principle moments of inertia. These values enable the average length, , breadth, and width, of a mesogen to be calculated using and cyclic permutations for and . 12 Average aspect ratios can also be obtained where in this instance represents Table S3 shows subtle differences in average molecular dimensions between the two mesogens. A small reduction in average length, coupled with a small increase in average width and breadth, is Bulk phase simulations of the bent-core mesogens were performed on 256 molecules. A cut-off of 1.2 nm was used for short-range non-bonded interactions, the Particle Mesh Ewald (PME) method was used for long-range electrostatics, and the simulations employed the usual corrections for the pressure and potential energies to compensate for the truncation of the van der Waals interactions. The Berendsen thermostat and barostat was used for initial simulation setups compressing, at 100 bar pressure, from low-density random arrangements of molecules, followed by equilibration and production runs with a Nosé-Hoover thermostat, and Parrinello-Rahman barostat once liquid state densities were reached. Isotropic pressure coupling and a compressibility of 4.6 105 bar1 was used throughout. Bond lengths were kept fixed at their equilibrium values using the LINCS algorithm and a timestep of 2 fs was employed. Each system was progressively cooled at 10 K intervals for a total simulation time of 360 ns at each temperature point. 
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